Objective: To examine the association of mid-life exposure to several psychiatric disorders with the development of late-life dementia. Methods: A matched case-control study using Western Australian state-wide hospital inpatient, outpatient mental health and emergency records linked to death records. Incident dementia cases (2000-2009) aged 65 to 84 years were sex-and age-matched to an electoral roll control. Records as far back as 1970 were used to assess exposure to medical risk factors before age 65 years. Candidate psychiatric risk factors were required to be present at least 10 years before dementia onset to ensure direction of potential causality. Odds ratios were estimated using conditional logistic regression. Results: 13, 568 dementia cases (median age 78.7 years, 43.4 % male) were matched to a control. Depression, bipolar disorder, schizophrenia, anxiety disorder and alcohol dependence were found to be significant and independent risk factors for late-life dementia after adjusting for diabetes, heart disease, cerebrovascular disease and smoking risk factors. The effect of a history of depression, schizophrenia and alcohol dependency on dementia risk varied with age, being strongest for earlier onset late-life dementia and waning at older ages. Conclusion: Severe depression, anxiety disorder, bipolar disorder, schizophrenia and alcoholic dependency disorder treated by specialists in psychiatric facilities in mid-life are important risk factors for late-life dementia. These psychiatric conditions need to be considered in future studies of the risk and prevention of late-life dementia.
INTRODUCTION
Successful prevention and treatment strategies are needed to cope with the expected world-wide increases in the prevalence of dementia and Alzheimer's disease. Given the lack of an effective treatment, there is need for a greater understanding of potentially modifiable risk factors for dementia from population based studies [1] . Most studies to date have focused on medical risk-factors but there is also evidence to support a potential role for several psychiatric disorders.
Depression is frequently associated with dementia [2, 3] . A 2001 meta-analysis by Jorm et al., including both casecontrol and prospective studies, suggests that a history of depression nearly doubles the risk of dementia [3] . Whether a history of depression leads to an increased risk of dementia, however, remains controversial. This is because evidence from a population-based longitudinal study found a higher risk of dementia only for depressive episodes developing for the first time in close proximity to the onset of dementia symptoms [4] . This suggests that depression is a prodromal feature of dementia, rather than a risk factor. A 2006 metaanalysis concluded that depression was likely to be a risk factor rather than a prodromal feature of dementia [5] although only two of the thirteen studies in the meta-analysis demonstrated that depression more than 10 years prior was associated with a higher risk for dementia. In one of these [6] the researchers had to rely on informant retrospective reports that are subject to recall bias [7] and in the second [8] , the effect of early onset depression, i.e. before age 65 years, was only seen in individuals with a low level of education.
A 2011 review by Byers et al. also argues that earlier life depression is associated with dementia while findings are mixed with respect to late life depression. Their review included an additional three studies examining 'early life' depression exposure to contribute to the debate. In the first, which relied on patient recall for history of depression, depression before age 60 was associated with an almost 4-fold increase risk of dementia in a cohort of 503 persons [9] . The second study observed an increase in the risk for dementia as a function of the number of depressive episodes [10] . The third reported that while mid-life depression was associated with dementia after adjustment for other risk factor, there was insufficient evidence for an association with Alzheimer's or vascular dementia and concluded that more studies are needed to examine depression occurrence over the life-course [11] .
developing dementia in individuals with depression, however only three [6, 9, 13] of nine studies that examined effect of early onset depression found a statistically significant association with late onset dementia.
The evidence for associations between bipolar disorder and dementia is sparse, the recent review citing five papers published between 1991 and 2004 [14] [15] [16] [17] [18] . The latest, a Danish study of 4,248 patients with bipolar disorder showed, that the risk of getting a diagnosis of dementia was affected significantly by the number of prior episodes leading to admission for bipolar disorder [18] . Three of the studies reporting a positive association between bipolar disorder and dementia originated from Denmark [16] [17] [18] so evidence from other populations are needed to build on these early reports.
A recent review [19] identified three studies that examined whether patients with late-onset schizophrenia (i.e. after age 40 years) were at increased risk of dementia [20] [21] [22] . The Danish study reported a 2.4-fold increased risk of dementia after almost 5-years of follow-up in 1,206 late-onset schizophrenia patients when compared to normal controls [20] . In an Australian study, nine of the 27 late-onset schizophrenia patients developed dementia while all 34 normal controls remained dementia free after 5-year follow-up [21] . In a US study without a normal control group, half of the 28 patients with latelife schizophrenia developed dementia in the 10-year followup, significantly more than the authors' expected 20% 10-year incidence rate [22] . The variability in the above study designs together with a lack of control for known risk factors for dementia in these studies limits our ability to draw any conclusions as to whether there is a positive relationship between mid-life schizophrenia and late-onset dementia.
Few studies have focused on the role of anxiety as a risk factor for dementia. Two studies, both with three years of follow-up, found that anxiety and distress in the elderly increases risk of Alzheimer's disease [23, 24] . One study, restricted to men with 17 years of follow-up, reported that midlife anxiety was associated with increased incidence dementia in later life [25] .
There are several established non-psychiatric clinical risk factors for dementia, including diabetes, cardiovascular risk factors and head injury [26] [27] [28] . Many studies, although not all [29, 30] , have assessed these risk factors during later life but this can be problematic as older age can modulate their association with dementia. For example, hypertension and hyperlipidaemia during midlife predict late life dementia whereas their impact appears reduced when assessed during later life [31] . Similar considerations may apply to diabetes although the duration of diabetes may be a more potent dementia risk factor [32] .
The aim of the present study was to examine the impact of exposure during mid-life to a range of psychiatric disorders and medical conditions that have been associated with late-life dementia. We used linked administrative health data from the state of Western Australia to conduct a case-control study in a large population. Steps were taken to ensure both long follow-up and a clear gap between exposure (risk factor) onset and outcome (incident dementia). We first explored risk factors for all dementia cases combined and then investigated dementia sub-types.
MATERIAL AND METHODS

Source of Data
The state of Western Australia occupies the western third of Australia and has a population of 2.3 million persons, including 285,221 persons aged over 65 years (2011 Census data). The Western Australian Data Linkage System is a validated, population-based, data linkage system that creates links among state health-related data sets [33, 34] 
Study Design
In order to account for the temporal nature of mid-life risk exposure relative to developing late-life dementia, a matched case-control study was performed. Matching by age and sex allowed a reference date for each matched pair to be defined which ensured that a similar length of exposure history (look-back period) was available for cases and controls. For each matched pair of case and control, the reference date was defined as the date of the case's incident dementia (index) record. The look-back period was defined as the number of years between each subject's first available linked health record and the reference date. Individuals with an index record of dementia age > 84 years were excluded because their linked administrative health records did not extend back far enough in calendar years to identify risk factors in middle life. Individuals with early-onset dementia (i.e. symptoms before age 65) were excluded because of known clinical and neurological differences between early-onset and late-onset Alzheimer's disease [35, 36] .
Selection of Dementia Cases
Cases included all patients diagnosed and registered in the Western Australian HMDC, EDDC, MHIS or Death Registry with first (index) dementia record from 1 January 2000 to 31 December 2009. Dementia was defined using the following ICD-10-AM codes: Alzheimer's disease (F00, G30), vascular dementia (F01) and unspecified dementia (F03). Excluded from the study were cases with (i) index dementia age <65 years, (ii) index dementia age > 84, (iii) dementia in other diseases (1988) (1989) (1990) (1991) (1992) (1993) (1994) (1995) (1996) (1997) (1998) (1999) , ICD-9-CM codes 294.1 331.1, 46.1, 333.4; 1999-2009, ICD-10-AM codes F02, 81.0, G10, G31.0) and (iv) controls who were identified during cleaning and preparation of data-extracts as not meeting control inclusion/exclusion criteria as defined in next paragraph. The above ICD codes were used previously to study dementia associated hospitalization and death rates in the Western Australian population between 1990 and 2005 [37, 38] . Dementia sub-diagnoses were those documented by the wide range of treating physicians from both specialist and general settings and the largest sub-group was nonspecific dementia, followed by Alzheimer's and vascular dementia, and a relatively small number with mixed dementia (where coding included both Alzheimer and vascular dementia categories at different times). Because the diagnostic accuracy of dementia sub-diagnoses is likely to be low, we chose to explore risk factors for all cases of dementia before exploring the three largest categories (non-specific dementia, Alzheimer's disease, vascular dementia).
Selection of Controls
Population controls were randomly drawn from the Western Australian state electoral roll in a country where voting is mandatory for all citizens over age 18 years. Citizens are required to notify the Australian Electoral Office if they change their address. Therefore some controls may only be resident in Western Australia for a short period of time and may have had minimal contact with Western Australian hospitals (this also applies to cases). Persons with dementia are required to have their name removed from the electoral roll by a relative provided there is written evidence from a medical provider. In 2011, 254,013 Western Australian citizens aged 65 years and over were registered on the electoral roll (i.e. 89% of all residents aged 65 years and over [39] . One sex and age-matched (+/-3 years) control was selected from the Western Australian electoral roll for each case by the Data-Linkage Unit of the Western Australian Department prior to extraction of the health data for the controls. 
Mid-Life Risk Factor Exposure
Mid-life risk factors were considered to be present if documented in the administrative health datasets between age 30 and 65 years. Factors shown in previous studies to be potentially associated with the development of dementia were included where available. These included unipolar (major) and/or dysthymia/neurotic depression, bipolar disorder [18] , schizophrenia spectrum disorder [20] , anxiety disorder [25] , alcohol dependence syndrome [40] , heart disease [41] , cerebrovascular disease [42] , diabetes mellitus [43, 44] , hypertension [31] , smoking history [45] , hyperlipidemia /hypercholesterolemia [31] and head injury [28] . The ICD-8, ICD-9, ICD-9-CM, and ICD-10-AM codes used to identify risk factor exposure documented in health records for years 1966-2009 are provided in eAppendix 1.
Temporal Relationship of Risk Factors Exposure
In addition to being present during the mid-life period, all risk factors, (except for atrial fibrillation, heart failure, cerebrovascular events, and smoking history) were required to be documented at least 10 years prior to the reference date. In the case of the non-psychiatric risk factors, such as ischaemic heart disease and hypertension, this was done because the mechanisms for increasing dementia risk are likely to require long-term exposure. In the case of psychiatric risk factors this was also done to eliminate the possibility that they were a consequence of prodromal/early dementia. This was based on the assumption that the prodromal phase of all relevant dementias is shorter than 10 years. The 10 year prior restriction was not applied to atrial fibrillation, heart failure and cerebrovascular events because it was considered likely that they act to impair cognition via mechanisms within a shorter time-frame. Hence, cases and controls aged 65 years at time of reference date had most risk factors assessed only for age span 30 to 55 years.
Statistical Analysis
Paired t-test was used to examine differences in continuous variables between cases and controls. Dementia outcomes were defined as all dementias (including Alzheimer's dementia, vascular dementia, mixed dementia and nonspecific dementia) and then by separate diagnostic subgroups.
The relative risks of developing late-life dementia following exposure to mid-life risk factors were estimated using odds ratios obtained from conditional logistic regression models that accounted for the matched design. Univariate conditional logistic regression models were used to estimate the relative odds of mid-life risk factor exposures in cases compared to controls. All significant (p<0.001) univariate risk factors categories (14 in total) were used to construct four multivariate conditional logistic regression models, one for all dementias and one for each of the three dementia subgroups. Regression model building included all significant two-way interactions between the risk factors and casecontrol matching variables (age at index dementia record and sex). Using backward selection all non-significant two-way terms and non-significant risk factors were removed from the model (p stay <0.05). All explanatory variables in the final logistic model for 'all dementia' were included in the three subgroup models. Multicollinearity diagnostics were performed using the Tolerance option in SAS conditional logistic regression analysis [46] . We concluded that there were no multicollinearity issues in any models because all tolerance values were greater than 0.7. SAS Version 9.3 (SAS Institute, Inc., Cary, NC) was used for statistical analysis.
Sensitivity Analyses
Three sensitivity analyses using the same set of explanatory variables as those used in the adjusted model for 'All dementia' were conducted to examine the robustness of the adjusted odds ratio estimates for 'All Dementia'. Sensitivity Analysis 1: Persons aged 65-74 years at index reference date with less than 10 years look-back and persons aged 75-84 without any linked health records prior to age 65 years may have lived outside of Western Australia during their mid-life years at risk of exposure and consequently not have had risk factor exposure documented in Western Australian health records. If the proportion of controls and cases not residing in Western Australia during their "mid-life risk" period differed significantly from one another, the inclusion of match-set-pairs with either one or both members having less than 10 years of look-back may bias odds ratio estimates. To determine whether this was the case a sensitivity analysis that included only those match-set-pairs where both case and control had at least one record before age 65 and a look-back period of at least 10 years was conducted.
Sensitivity Analysis 2: Given the lack of certainty with respect to onset of dementia symptoms based on index dementia record, we conducted a second sensitivity analysis with a period of exposure of at least 20 years prior to reference date for depression, bipolar disorder, schizophrenia, anxiety, alcohol dependence, head injury, ischaemic heart disease, and lipids in case a 10-year exposure may have been insufficient. Sensitivity Analysis 3: The third sensitivity analyses was conducted on a subset of patients where risk factor exposure was required to be documented at least 20 years prior to reference date in addition to the requirement that both members of each match-set pair must have had at least 20 years of look-back period.
RESULTS
Cohort Characteristics
There were 27,982 individuals with an index dementia record between 2000 and 2009 (mean (SD) age 83.4 (8.0) years, 37.4% male). Of these, 14,460 were aged between 65 and 84 years at index dementia record and eligible for entry into the study (mean age 78.7 (4.7) years, 43.1% male). After excluding 892 dementia cases there remained a study cohort of 13,568 cases. Reasons for excluding cases included, i) the control died in the period immediately prior to their index dementia date (n=76, median days prior to index date =20 days (IQR 12-52 days)), ii) the control had a dementia diagnosis in their linked health records (n=78); iii) based on all the linked health records the difference in the age of a case and their control was greater than three years (n=466) iv) case or control had problem data (e.g. records post-death, death record age inconsistent with index dementia age) (n= 309). The 892 excluded dementia cases had proportionally fewer males than the study cohort of included cases (37.6% versus 43.4%, 2 =11.8, 1df, p<0.001). The mean (SD) ages of the excluded dementia cases (78.8 (4.8) years) and study cohort cases (78.7 (4.7) years) did not differ significantly (p=0.37). The study cohort controls were on average 0.4 years younger (paired t test: t=35.5, p<0.001) than the cases.
A total of 327 (2.4%) controls and 610 (4.5%) cases had no hospital inpatient or outpatient records prior to their respective reference date. A small group of electoral roll controls (n=173) had no hospital health records either before or after their reference date. The mean (SD) look-back period was 20.4 (10.4) years and 20.0 (10.3) years for cases and controls respectively. The mean difference in look-back period of 0.4 years was statistically significant (paired t test: t=4.24, p<0.001). This means that data records went back on average 19 weeks further for cases than controls. Details on look-back period categories for cases and control are provided in eAppendix 2.
Depression was the most common mid-life psychiatric disorder examined in this study, with 2.6% of controls and 4.8% of cases having a record of depression diagnosis at least 10 years prior to their reference date. A small number of cases (n= 116; 0.85%) and controls (n=39; 0.28%) had a recorded diagnosis of both unipolar major depression and dysthymia/neurotic depression. The most common documented psychiatric disorder after depression was anxiety, followed by alcohol dependence syndrome, schizophrenia spectrum disorder and, lastly, bipolar disorder. Table 1 provides details on the frequency of these and all nonpsychiatric risk factors examined in this study. Of the 2,158 index records for psychiatric conditions 77.3% were sourced from mental health inpatient or mental health outpatient records; a detailed breakdown of source of all index psychiatric diagnostic records is given in eAppendix 2.
Mid-life Associations with Late-life Dementia
The mean (SD) age at first documented record for depression, bipolar disorder, schizophrenia and alcohol dependence syndrome were, respectively, 52.7 (6.9), 53.1 (7.5), 48.6 (7.6) and 51.4 (6.3) years. There were no statistical differences between cases and controls with respect to age at first record for these four psychiatric conditions (unpaired t test p-values all >.05). In univariate analysis all mid-life risk factor categories examined in this study were associated with significantly increased odds of developing dementia ( Table  1) . The unadjusted odds ratios ranged in magnitude from 1.19 (95%CI 1.00, 1.42) for hyperlipidaemia up to 6.56 (95%CI 3.25, 13.20) for bipolar disorder.
The multivariate conditional logistic regression models were adjusted for all the non-psychiatric risk factors listed in (Table 1) although unipolar depression and dysthymia/ neurotic depression were combined into a single category to enable more parsimonious modelling. Several interactions with age and sex remained in the final models for 'all dementia' ( Table 2) . Depression, schizophrenia, and alcohol abuse were all significant and independent predictors of dementia with onset between 65-79 years, while bipolar and anxiety disorders were predictive for ages 65-84 years. The associations with depression, schizophrenia and alcohol abuse were increasingly attenuated in older age groups whilst there was no age effect with bipolar and anxiety disorders. The sensitivity analyses demonstrated essentially similar results with respect to the magnitude of the odds ratio estimates. However in the third sensitivity analysis, which analysed data from 4,421 match-set pairs with at least 20 years of look-back, the p-values for the depression X age OR, odds ratio. LL, lower limit of 95% confidence interval. UL, upper limit of 95% confidence interval. Depression includes dysthymia, neurotic and unipolar major depression.
Cerebrovascular disease includes acute ischemic stroke, intra-cerebral and subarachnoid haemorrhage and transient cerebral ischaemic attack. Lipids include hyperlipidaemia and hypercholesterolemia. OR p-values <0.0001 for all risk factors except for hyperlipidaemia (p=0.055). In addition to being present between ages 30 to 65 years, all risk factor exposures (except for atrial fibrillation, heart failure and cerebrovascular diseases) were also required to be documented at least 10 years prior to dementia index reference date to be counted as present. Past or current smoking exposure was unique in that it was based on a combination of both pre and post dementia index/reference health records. OR, adjusted odds ratios for cases relative to controls. LL, lower limit of 95% confidence interval. UL, upper limit of 95% confidence interval. Bipolar, bipolar disorder. Schizophrenia, schizophrenia spectrum disorder. Alcohol, alcohol dependence syndrome. AF, atrial fibrillation. HF, heart failure. IHD, ischemic heart disease. CVD, cerebrovascular disease.
Smoking, any history of smoking. Lipid, hyperlipidemia or hypercholesterolemia. Age Group, dementia onset age, the presence of significant interactions between six mid-life risk factors and age at dementia index record in logistic modelling has resulted in adjusted odds ratio estimates for these six risk factors being provided for dementia outcomes in four age categories. Sex, a sex-ischemic heart disease interaction was identified therefore separate odds ratios for males (M) and females (F) are provided for this risk factor. Conditional logistic regression models were constructed using all univariate risk factors together with all significant two-way interactions (p<0.15) between risk factors and i) age and/or ii) sex.
Using backward selection all non-significant two-way interaction terms were removed from the model (p stay <0.05). (p= 0.13) and alcohol X age (p=0.24) interaction terms had become non-significant, even though the odds ratio estimates continued to reflect a decreasing effect of depression and alcohol in the older age groups. The number of matched case-control pairs in each age group used to estimate the Odds Ratio estimates in Table 2 When dementia sub-types were explored, some variation in association between psychiatric conditions and odds of developing the dementia sub-type were seen ( Table 3) . Nonspecific dementia had a very similar risk factor profile as 'all dementia'. Alzheimer's disease was associated with depression, schizophrenia and alcohol dependency in the younger age categories but not with bipolar and anxiety disorder. No vascular dementia controls had a history of bipolar disorder or schizophrenia so these factors could not be modelled and the other disorders were non-significant. In a post hoc analysis that allowed for removal of non-significant interactions (while keeping all main effects in the model), depression remained associated with risk of vascular dementia (OR 2.25, 95%CI 1.35, 3.74).
DISCUSSION
The major finding of this study was that after adjustment for several known medical risk factors five psychiatric conditions, depression, anxiety disorders, bipolar disorder, schizophrenia and alcohol dependency syndrome in mid-life were associated with dementia at ages 65-79. We employed a case-control study design to explore the impact of a range of psychiatric and medical disorders experienced during and before middle age on incident dementia in the state of Western Australia. In addition to a long duration of follow-up, steps were taken to ensure an adequate time gap between initial exposure to the chosen risk factors and the development of dementia. These data suggest that these five psychiatric conditions need to be added to the list of risk factors for dementia. This would increase the proportion of the population at risk for dementia from identifiable causes and increases the number possible targets of dementia prevention strategies [47] .
Whilst the present findings can be considered to support previous research findings [3, 5, 18, 20, 25, 40] , the strength of the evidence base varies considerably for each psychiatric condition and, to our knowledge, this is the first study to consider them together in the same population. The temporal sequence, the long follow-up and the substantial time gap between exposure and dementia provide strong evidence that each of these disorders may be on the causal pathway for dementia. There were differences in psychiatric risk factors when we explored dementia subtypes but the significance of these analyses is uncertain given that dementia diagnoses were based on clinical records from such a wide source and the consequently large number of cases classified as nonspecific dementia and the considerable loss of power with less common psychiatric disorders. Nevertheless, depression was associated with both Alzheimer's disease and vascular dementia and schizophrenia with Alzheimer's disease.
Depression is known to be associated with cardiovascular risk factors mediated by poor self-care behaviours including reduced physical activity, obesity and smoking [48] [49] [50] . We adjusted for smoking in our analyses but were unable to correct for obesity or physical activity. This leads us to speculate as to whether depression increased dementia risk by a vascular mechanism which would be consistent with the vascular-depression-dementia hypothesis posited by Alexopoulos [51] . A similar explanation may operate in bipolar disorder, schizophrenia and anxiety disorders that are also associated with smoking, cardiovascular risk factors and associated medical conditions [49, 50, 52] . We were struck by the age pattern with depression, schizophrenia and alcohol abuse and how the pattern mirrors the relationship with diabetes, smoking, cerebrovascular disease and dementia. Whilst the psychiatric findings are independent of the medical conditions in these analyses, it may be that the pattern seen with all these disorders is consistent with a single aetiology possibly based on a vascular mechanism. Anxiety disorders frequently coexist with depressive disorders and anxiety is known to render the management of depression and bipolar disorder more difficult [53] hence there could be an indirect impact on dementia risk. Bipolar disorder, schizophrenia and alcohol dependence substantially increased the risk of dementia although the numbers in the sample were small and the confidence intervals consequently large. There may be different additional mechanisms for dementia for each of these entities; the toxic nature of alcohol on the brain is well understood for example, and neurodegenerative mechanisms have been postulated for bipolar disorder and schizophrenia [54] [55] [56] [57] .
An alternative explanation is that psychiatric disorders and dementia are associated through shared risk factors. For example it has been shown that inflammation and immune activation can be a characteristic of depression [58] and increased levels of peripheral inflammatory markers are associated with increased risk for all-cause dementia [59] . Both disorders have been associated with insulin resistance [60] which has been associated with reduced hippocampal volume which may lead to increased vulnerability to dementia [61] . OR, adjusted odds ratios for cases relative to controls. LL, lower limit of 95% confidence interval. UL, upper limit of 95% confidence interval. Bipolar, bipolar disorder. Schizophrenia, schizophrenia spectrum disorder. Alcohol, alcohol dependence syndrome. AF, atrial fibrillation. HF, heart failure. IHD, ischemic heart disease. CVD, cerebrovascular disease. Smoking, any history of smoking. Lipid, hyperlipidemia or hypercholesterolemia. The Alzheimer's and non-specific dementia conditional logistic regression models used the same model exposure variables and interactions as used in the 'All Dementia' model for the primary analysis given in Table 4 . The vascular dementia model excluded bipolar and schizophrenia disorders as no controls in this subgroup had such an exposure. Depression, bipolar, schizophrenia, anxiety, alcohol, head injury, diabetes, ischaemic heart disease, hypertension and lipid exposures were considered to be present in either case or control subject if documented in linked health records before age 65 and at least 10 years prior to the reference date.
An important consideration for the interpretation of these results is that the psychiatric diagnoses were largely obtained from specialist psychiatric services and not from primary care sources. In Australia, most psychiatric conditions are managed within a primary care setting (possibly excepting psychoses) and referral to specialist psychiatric services is reserved for more severe or complex conditions, for example, only one in a thousand general practice contacts for depression are referred to hospital [62] . Consequently, the present data could be relevant solely for severe psychiatric conditions or, alternatively, they may underestimate the associated risks with dementia. We suspect that our study under-ascertained bipolar disorder as the reported life-time risk has been estimated at between 4.0 and 65.0 per 1000 population [63, 64] and the prevalence in our sample was lower (controls: 0.6 per 1000; cases: 4.3 per 1000). In contrast, we probably identified the majority of individuals with schizophrenia as our prevalence estimate (5.3 per 1000 individuals) was closer to published lifetime risk estimates (7.2 per 1000) [65] . For similar reasons, the true associated risk estimates of anxiety and alcohol dependence disorders could be substantially greater. These considerations and the reliance on hospital acquired data are also likely to be relevant on the estimates of the medical conditions and risk factors such as smoking. Many cases of diabetes and head injury would be expected to be managed in primary care whereas cardiovascular and cerebrovascular conditions are more likely to be managed in hospital.
The strengths of the present study include the populationbased sample, the use of the Western Australian Data Linkage system that has been demonstrated to provide accurate hospital and mental health clinic data within known limitations for case ascertainment and the study design that permitted separation between risk factor exposure and dementia. The study does not rely on self-report and is therefore not subject to recall bias. The random selection of electoral roll controls was designed to reduce selection bias. The main limitations of the study include the use of health administrative datasets that relied on diagnoses made by a wide range of doctors of varying seniority and from a range of specialties that could not be verified. Previous studies have indicated that hospital registers have reasonable accuracy in detecting dementia cases [66, 67] . In addition, the accuracy of the recording of dementia subtype is uncertain as reflected by non-specific dementia being the most commonly recorded dementia type. Nevertheless, exploring dementia sub-types provided some insights into the potential pathophysiological basis for some of the associations if it is assumed that the cases given the vascular dementia or Alzheimer's diagnoses by attending medical staff were more or less likely to have evidence for a vascular etiology respectively. A problem with medical-record based case-control studies relates to incomplete documentation in medical records. Because we only used risk factor information recorded prior to the diagnosis of dementia or the corresponding reference date for the control, misclassification due to failure to document the existence of risk factors should be nondifferential with respect to the risk factors under study. This would tend to bias any of the risk estimates toward unity. We were also unable to control for a range of potential confounders including low educational status, obesity, physical activity and Apo E associated with dementia. We have, however, considered the possibility that some subjects were not living in Western Australia during their mid-life years thereby potentially introducing biased estimates.The inclusion of all 13,568 case-control pairs regardless of look-back period may have led to biased odds ratio estimates. However, the results from the sensitivity analysis that included only 4,421 match-set pairs with at least 20 years of look-back demonstrated essentially similar results with respect to the magnitude of the estimates, although the increased risk due to depression and alcohol dependency became nonsignificant. This lack of statistical significance is probably due to the greatly reduced sample size. Nevertheless, the magnitude of the estimates from the sensitivity analysis tend to suggest that if the bias did exist due to including pairs regardless of lookback period, then its impact on risk estimates for the five common psychiatric conditions examined in this study are likely to be negligible.
In summary, severe mid-life depression, anxiety disorder, bipolar disorder, schizophrenia and alcoholic dependency disorder were found to be risk factors for late-life dementia. These psychiatric conditions need to be added to the list of potential risk factors in future studies of the pathophysiology and impact of dementia. 
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